Water is an indispensable commodity for the survival of all living beings and for their well-being.
INTRODUCTION
Water is a renewable resource permanently threatened by pollution, among others, of demographic, agricultural, and industrial origins. Access to safe water may be a requirement for health, a basic right, and a key element of effective health protection policies. Its use for food, bodily hygiene, or recreational purposes requires a high level of physical, chemical, and microbiological quality. Contamination of water resources has significant impacts on the environment and on human health (Melloul et al. ; Hassoune et al. ) . However, groundwater accounts for the safest and a significant source supply of drinking water in the world (Palamuleni & Akoth ) . Roughly 1.5 billion people all over the world are daily provided drinking water through the groundwater (Iyasele & Idiata ) . Indeed, it was found that groundwater was the foremost reliable source for responding to water request in rural areas of lowincome countries (Harvey ) . Nevertheless, groundwater quality will be changed once external substances are avail-performed to evaluate their content in drinking water in low-income countries. Of course, nitrates and nitrites are naturally present in water and the toxicology of nitrate to humans results principally in its reduction to nitrite (Ikemoto et al. ) . The major biological effect of nitrite is its involvement in the oxidation of normal hemoglobin to methemoglobin, which is unable to transport oxygen to the tissues. The dominant human health risk associated with nitrate consumption is considered to be of methemoglobinemia by nitrate-derived nitrite (Saadia et al. ) .
Heavy metals are naturally present in groundwater at concentration levels that depend on rock and sediment type (Moyo ) . Moreover, thoroughgoing utilization of natural resources and accumulated activities of anthropic origin can cause grave groundwater quality problems due to the removal or spread of chemical and microbic substances on the surface of the soil and into soils or by the direct intrusion of waste into the water table (Dahhou et al. ) .
Governments, the WHO and several other development partners have tried to extend water distribution systems in order to ensure potable water supply in low-income countries. Some noteworthy statistics from the WHO/ UNICEF Joint Monitoring Program 2017 (JMP) for Water and Sanitation reveal that in low-income nations, roughly 748 million people do not have access to sufficient safe drinking water. Additionally, 2.4 billion human beings lack access to improved sanitation conditions (WHO & UNICEF ). However, the low coverage of drinking water and the risk behaviors of populations are at the origin of serious diseases such as diarrhea, typhoid, paratyphoid fever, and amoebic dysentery (Melloul et al. ; Hassoune et al. ) .
Being a developing country, Mali needs to address a vast array of problems regarding water availability, quality, usage, and death caused by waterborne diseases. In Mali, potable groundwater has given a greater boost to the availability in general and is being utilized through dug wells, hand pumps, and shallow wells. The National Health Directorate (DNS) has responsibility for regulating the standards of drinking water. The agency has published guidelines for drinking water quality. Unfortunately, most of the populace in rural areas of Mali do not adhere to these guidelines.
The rising interest of the private sector in groundwater development has encouraged the Government of Mali to transfer operational responsibilities of public sector boreholes to the private sector. Over 70% of the populace of Pelengana commune is currently supplied with water by hand pumps, dug wells, shallow wells, and boreholes (CPS/MS DNSI/MEIC ). Despite the fact that bacterial contamination could be the number one concern in the commune of Pelengana, inorganic contaminants and health risks pose an additional risk to water from these sources. Overall, the great majority of households in the rural area of Pelengana commune use the traditional pit latrine. However, it absolutely was detected that the drinking water sources in certain localities are more or less a 30 m or less radius from pit latrines, refuse tips, and other social amenities, which accentuates the hazard of contamination of the water table which provides villages.
At the moment, there is no form of treated water supply in this area. Moreover, there is no relevant information offered about the water quality as well as the dominant waterassociated diseases within the commune of Pelengana. It is thus in this context that the physical, chemical, and bacteriological parameters of drinking water in Pelengana commune were evaluated, as well as human health risks linked with the consumption of contaminated water.
MATERIALS AND METHODS

Study area description
The present study has been carried out in the Pelengana commune in Segou region of Mali in West Africa (Figure 1 ). Pelengana commune is found in the south of Mali, at a distance of approximately 235 km from the capital Bamako.
It has a total population estimated at 118,814 inhabitants as of the populace and habitat census of 2009. The population density for the commune is estimated at 37.8 inhabitants per km 2 , with an annual growth rate of 3.1% (INSTAT ). It is located between 13 26 0 at latitude north and 6 12 0 at longitude east. The Sudano-Sahelian type climate is marked by the alternation of two periods (i.e., two seasons): a rainy period from June to September and a longer dry season from October to May. Precipitation is quite low, with an annual mean of up to 625 mm/year, with the highest precipitation recorded in August. The average annual temperature is around 28 C with a significant duration of sunshine which varies from 2,500 to 3,000 hours.
Residents of the different villages of the area practice agropastoralism, relying mainly upon agriculture, including millet, groundnut, cotton, and vegetables. Hand pumps, dug wells, shallow wells, and boreholes are the most common sources of drinking water in the Pelengana commune.
Water sample collection
The water samples were collected from March to July 2018 from different water sources for physical, chemical, and bacteriological analyses. These include 4 hand pumps, 3 boreholes, 5 dug wells, and 12 shallow wells in the village of Pélengana-Wèrè; 5 hand pumps, 3 boreholes, 6 dug wells, and 17 shallow wells in Banankoro village; and 7 hand pumps, 3 boreholes, 9 dug wells, and 23 shallow wells in Dougadougou village. Samples were collected between 08.00 hrs and 10.00 hrs into a 1 L sterilized polyethylene flacon and, at each sampling point, two samples were collected in separate polyethylene flacons. All collection flacons were first washed with detergent, then rinsed with tap water and distilled water, and lastly rinsed three times with the sampled water from the respective source stated above. Different sampling methods were used for various categories of water sources. Samples from the dug wells and shallow wells were collected with weighted buckets (50 cm below the water table). Boreholes and hand pump samples were taken after pumping for 5 min.
Note that for chemical and bacteriological analyses, separate samples have been carefully collected and at each point a vial was filled with the site water sample while adding HNO 3 to 5% in order to prevent bacterial survival.
The water samples were fastidiously tagged and kept in a cooler at temperatures ranging from 0 C to 4 C. Finally, they were delivered to the microbiology laboratory within 6 hours of their collection for further processing. In the laboratory, acidified water samples were used for heavy metal analysis, whereas water samples that did not contain acid were used for the remainder of the analysis.
Analytical procedures
It is necessary to examine the physico-chemical and bacteriological quality so as to determine the degree of water pollution regarding the different parameters, and also the hazards to human health related to consumption of water affected by contaminants within the investigated zone. All parameters were monitored in accordance with the American Public Health Association Standard Techniques (APHA ).
The hydrogen potential (pH), electrical conductivity (EC), and the salinity were measured in place employing a multimeter (Model HQ 40d, Hach, USA). First, the meter was calibrated employing both buffers at pH ¼ 4.01 and pH ¼ 7.0 and was then flushed extensively with deionized water.
After five measurements the meter was checked. With respect to electrical conductivity, the meter was calibrated employing a 1,000 μS/cm NaCl standard solution and checked after five analyses. Total dissolved solids (TDS) was measured employing a multimeter Hach, USA) . Similarly, the meter was calibrated employing a 1,000 mg/L TDS standard solution and checked after five measurements. Salinity was determined using water checker U-10.
Chloride (Cl) concentration was ascertained in the laboratory using standard titrimetric technique (APHA ).
To do this, a silver nitrate (BDH, UK) solution (0.0141 N) and potassium chromate (K 2 CrO 4 ) were employed as titrant and indicator, respectively. Moreover, NaCl was employed to determine the resistance of silver nitrate. It should be noted that the pH of water was handled in such a way that it was between 7 to 10 pH units, and 1 The mixture was heated until the mixture was reduced to about 20 mL on a hot plate. The digested samples were cooled to room temperature, filtered through a 0.45 μm Whatman filter paper and the final volume adjusted to 100 mL with double distilled water and stored for analysis (APHA ). For the determination of As, 5 mL of 0.5 MHCl and 5 mL of 0.5% NaBH 4 were added to the digested water samples to reduce all As to arsine gas, in the arsine gas generator. The arsine gas generator is coupled to the flame AAS (Shimadzu model AA 6300) for the determination of As in the samples.
With regard to bacteriological analyses, only the specific indicators of environmental and fecal contamination (total coliforms and Escherichia coli) were searched for. They were enumerated in 50 mL aliquots of the water sample.
In addition, aliquots of each water sample were filtered using 0.45 μm paper filters. So as to detect total coliforms and E. coli, the filter papers were placed onto m-FC and m-ENDO agar followed by incubation at 45 C and 37 C, respectively, for 24 h. Blue and metallic sheen colonies on membrane-fecal coliforms (m-FC) and Endo's medium (m-ENDO) agar plates were filtered and utilized for the microbiological identification assay. The biochemical test was performed and each plate was confirmed and given a positive or negative score.
Health survey
In order to determine the harmful effects of infected water were performed with health workers from different health centers of the commune in order to collect information about the waterborne diseases in the study zone.
Statistical analyses
The results obtained were analyzed by SPSS version 21.0 statistical software package. From a level p < 0.05, the test was retained as being significant, calculated using analysis of variance (ANOVA).
RESULTS
Physical parameters
Results of the physical analysis of the different parameters, such as pH, EC, TDS, and salinity in the water samples of the study area are summarized and presented in Table 1 .
However, results show that there was no significant there has been no great difference observed between the values detected in various water samples.
Chemical parameters
The average concentrations of main chemical parameters determined in the different water samples collected from various water sources of the study area are shown in Table 3 .
The chloride concentrations in all water samples ranged between 23.55 and 126.50 mg/L. It is concluded from However, all the water sources recorded Cl within the acceptable limit stipulated by WHO GDWQ and US-EPA. Similarly, NO 3 À N levels ranged from 11.05 to 23.40 mg/L and were all above the permissible limits set by the WHO GDWQ and US-EPA (11 and 10 mg/L, respectively) (Figure 2(b) ). 
Heavy metals
The average concentrations of the heavy metals determined in the different water samples collected from various water (Table 2) . Similarly, the copper contents in drinking water samples of the study area ranged from 0.001 to 0.32 mg/L (Table 4 ) and did not exceed the acceptable limit set by WHO GDWQ (2 mg/L) and US-EPA (1.3 mg/L) ( Table 2 ). The WHO GDWQ and US-EPA drinking water guidelines for Cd are 0.003 and 0.005 mg/L, respectively ( Table 2 ). The study showed that all the drinking water samples had Cd levels that did not exceed US-EPA acceptable limits, while the values of some samples from some water sources exceeded the acceptable limit set by the 
Banankoro
Hand pump (n ¼ 5) 0.0012 ± 0.001 0.0027 ± 0.00032 0.34 ± 0.07 0.004 ± 0.002 0.009 ± 0.002 0.029 ± 0.0024 0.20 ± 0.03 0.012 ± 0.008 Borehole (n ¼ 3) 0.0005 ± 0.00018 0.00032 ± 0.0003 0.003 ± 0.003 0.0007 ± 0.0004 0.004 ± 0.001 0.0044 ± 0.0025 0.042 ± 0.018 0.0007 ± 0.0001 Dug well (n ¼ 6) 0.00021 ± 0.0002 0.00025 ± 0.00022 0.005 ± 0.002 0.001 ± 0.001 0.007 ± 0.002 0.025 ± 0.0013 0.030 ± 0.02 0.007 ± 0.002 Shallow well (n ¼ 17) 0.0017 ± 0.0011 0.0035 ± 0.0023 0.18 ± 0.08 0.003 ± 0.005 0.008 ± 0.02 0.028 ± 0.002 0.39 ± 0.12 0.027 ± 0.021
Dougadougou
Hand pump (n ¼ 7) 0.0010 ± 0.002 0.0017 ± 0.0008 0.005 ± 0.001 0.002 ± 0.004 0.13 ± 0.02 0.016 ± 0.0041 0.16 ± 0.11 0.008 ± 0.0022 Borehole (n ¼ 3) 0.00027 ± 0.00015 0.00020 ± 0.0001 0.001 ± 0.001 0.0003 ± 0.000 0.06 ± 0.03 0.0037 ± 0.0022 0.061 ± 0.02 0.0005 ± 0.00044 Dug well (n ¼ 9) 0.00021 ± 0.00017 0.00023 ± 0.00021 0.003 ± 0.001 0.0002 ± 0.0001 0.007 ± 0.001 0.0046 ± 0.0017 0.024 ± 0.021 0.006 ± 0.003 Shallow well (n ¼ 23) 0.0011 ± 0.0004 0.0026 ± 0.00014 0.020 ± 0.015 0.002 ± 0.01 0.07 ± 0.04 0.033 ± 0.0088 0.45 ± 0.22 0.025 ± 0.0023 water, except those recorded in shallow well water samples which were above the permissible limit (Table 4) . Moreover, Cr concentrations varied between 0.0003 and 0.041 mg/L.
The highest values were recorded in drinking water samples collected from Pélengana-Wèrè village, while the lowest values were observed in Dougadougou village (Table 4 ).
However, the study revealed that the Cr concentrations of all the drinking water samples were below the permissible concentration recommended by WHO GDWQ and US-EPA regulation (Table 2) .
Bacterial contamination
The results presented in Table 5 (Table 2) .
However, analysis of variance denoted no great significant (p > 0.05) variation among the drinking samples from different localities in the study area.
Health survey results
A summary of the principal health issues mentioned during the survey in the study area was done and is presented in Table 6 . Investigations were carried out in 1,440 households, i.e., 2,991 individuals including 1,357 females and 1,634
males. Results showed that the number who were illiterate was very high and ranged from 69.84 to 71.20%. As shown in Table 6 , diarrhea, typhoid fever, gastroenteritis, and amoebic dysentery have been mentioned by 55-61%, 38-52%, 43-54%, and 31-39% of respondents, respectively.
In addition, diseases such as hepatitis A, B, and C were reported by respondents, ranging from 16% to 29%, 13-20%, and 3-6%, respectively. Outside of these reported 
DISCUSSION
It is important to ensure a safe and sufficient water supply for each community in order to preserve their health and reduce disease. Chemicals, heavy metals, and microbiological contaminants in drinking water have been shown to pose many risks to human health (Mora et al.
;
Nguyen et al. ). In rural Mali, especially in the commune of Pelengana, the population lives in a precarious situation and does not have the means to obtain mineral water, i.e., drinking water packaged in bags or bottles.
They are forced to depend on water from boreholes, hand pumps, shallow and dug wells, and many of these sources do not meet the international standard for the depth that groundwater must achieve. For this purpose, the water from these sources is considered not fit for consumption, as it is used without treatment. Nevertheless, people are convinced that groundwater is the safest and least contaminated source of drinking water. As a result, they do not consider pre-treatment of groundwater prior to consumption.
Earlier studies have shown that many parameters can affect drinking water quality and lead to the risk of disease In principle, chloride, nitrate, and phosphate play a significant part in the quality of groundwater and have an effect on human health (Khan et al. ) . In Pelengana commune, drinking water in the target villages was largely contaminated with phosphate. This may be explained by the excessive use of fertilizers on agricultural land practiced around these water sources. Also, the significant release of domestic wastewater highly charged with phosphate constituents around drinking water sources could be a contributory factor. Increased levels of phosphate compromise the palatability of water and also reduces its esthetic value. In addition, ingestion of high phosphate levels in our study. It should be noted that the majority of the population in the study area is illiterate and has no knowledge of water quality or the types of diseases that may be causing problems. However, it is suggested that villagers in the target area of our study be educated about drinking water contamination and the diseases it can cause in consumers.
Farmers should also be informed about the responsibility of agrochemicals for contamination of drinking water sources in the study area. Further research work is needed about the treatment of contaminated water to protect the inhabitants from chronic health problems. In fact, the origin of microbiological, chemical, and heavy metals contamination needs to be investigated by also considering the hydro-geological characteristics of the sampling sites.
Only by identifying the sources of contamination will it be possible to select and implement the most correct and appropriate solution to these water quality issues.
CONCLUSION
From the above results, it may be considered that the health of the population of the Pelengana commune in Mali is vulnerable to the effects of drinking water. The same applies to heavy metals such as Cd, Pb, and Fe. It was also discovered that drinking water sources were contaminated with coliform bacteria. Shallow water samples were found to be relatively most polluted, while the safest were the borehole water samples. Additionally, it was mentioned during the questionnaire survey that the inhabits in the study area who consume these waters suffer diseases like diarrhea, amoebic dysentery, typhoid fever, gastroenteritis, vomiting, kidney issues, abdominal pain, hepatitis, poor appetite, general fatigue, ulcer, lung disease, nausea, skin lesion, and cancer. These results confirm the impact of intensification of agriculture, discharges of domestic wastewater, and inadequate disposal of solid waste. However, it is suggested that the villagers need to be educated on the importance of maintaining clean and hygienic environments around the vicinity of the drinking water sources to ensure the safety of water from such sources.
